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Fig, 2.

Conductivity Glow-Curve:

m-Terphenyl
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ivity glow curve, Tmax = 240°K, and Et’ the escape frequency from the
traps, v, may be obtained by approximating Eq. (3) as Et = KT ax 108 v
since f(v,B)<l. The escape frequency is found to be 3.6 x 108 sec-l.
The escape frequency is related to the effective density of states in
the valence band by v/cevth = Nv from which the trapping cross-section,
Op» may be calculated. Assuming that the velocity of the charge car-
1s of the order of 107

"18 2, The charge carriers spend

riers at room temperature, v cm sec-l, the

th’
value of o, is found to be 1.5 x 10
on the average a time, To = (Ntctvth)-l, in the conducting states.

The values of Nt’ o,_, and Veh yield approximately 4 x 10"8 sec for Ty

Since the experimentally determined value of y is rather small and the
density of trapping states is quite large, it seems reasonable to con-
clude that the mobility is trap-modulated. If this were the case, the
mobility, Koo which is defined as the average distance travelled per
unit field in the direction of the field in the time between colli-
.8ions divided by the time-interval between collisions may be calculated

from the equation:S

~E_/kT

b = BN v, ve e (8)
Mo turns out to be 4.5 cm2 V-1 sec-l; thus the range per unit field,
W, = KT is approximately 1.8 x 10-7 cm2 V-l. This value of w  sug-

’
gests a 2ituation wherein the charge carrier is trapped after travers-
ing a distance of the order of the dimensions of a unit cell in the
crystal. The value of O is much too small to be associated with atomic
or molecular dimensions., It is interesting to note that trapping cross-:
section of the order of 4 x 10-17 cm2 was also reported for p-terphenyl

by Mark and Helfrich.6 It may be that the trapping mechanism is of the

4R. H. Bube, "Photoconductivity of Solids,'" John Wiley and
Sons, Inc., New York (1960), p. 5Sl.

’A. Rose, R. C. A. Rev., 12, 362 (1951).
6p. Mark and W, Helfrich, op. cit., vol. 33, p. 205.
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type suggested by Landau, that of an electron digging its own potential
hole.7 A positive hole could be trapped similarly. It is conceivable
that such a trapping mechanism in organic molecular solids may give a
suitable explanation for the small value of Op- Using the value for
W, the saturation voltage, Vs = dzwo, is found to be approximately
140 volts, The value of the saturation voltage is well within the
sublinear region of the Jd vs. V curve and supports very strongly the
statement made previously regarding the nature of the sublinear por-
tion of curve 1.

Curves 2,3,4,5,6,7, and 8 are the current-voltage character-
istics at various intensities and/or modes of illumination. Curve 2
was taken while the conductivity cell was excited by 240 my monochro-
matic light, Light of this wavelength is almost completely absorbed
by the SnO2 film and only a very small fraction of the incident light
intensity reaches the crystal. The relatively weak optical excitation
did not affect significantly the uniformity of the distribution of the
free charge carriers in the crystal as is evidenced by the ohmic char-
acteristic of the curve at the low voltage range. The effect of seri-
ously disturbing the uniformity of the charge carrier distribution in
the crystal is shown by curves 3 and 4 which were taken using light
with wavelengths of 320 and 370 my respectively. Light of these wave-
lengths is transmitted almost completely through the San film and is
strongly absorbed by the crystal within a surface layer of a few hundred
Angstrom thickness. These photons are quite efficient for photoproduc-
tion of charge carriers. It is seen that both curves are strictly super-
linear, the current increasing as V1°6. Curves 5,6, and 7 were obtained
using polychromatic light at different intensity levels by interposing
between the light source and the cell, neutral optical density screens
rated at 1.5, 1.0 and 0.5 optical density units respectively. Curve 8

was obtained at 1007 light intensity. By using polychromatic light, it

L. Landau, Physik. Z. Sowjetunion, 3, 664 (1933)-
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was hoped that a smoothing out of the charge carrier distribution could
be effected even when the crystal is operated under a higher rate of
photo-excitation. Since light of wavelengths which are more effective
for carrier generation are usually mostly absorbed close to the illumi-
nated surface, a strictly uniform distribution of charge carriers through-
out the crystal can not be achieved. However, by adjusting the polychrom-
atic light intensity it may be possible to bring about a balancing effect
between the rate of charge carrier generation by the strongly absorbed
component of the incident light at the surface layer and the generation
of charge carriers in the bulk of the crystal by the weakly absorbed

and other long wavelength components of the incident radiation. These
expectations appear to have been realized. Thus in curves 5 and 6 which
were obtained at lower light intensities, the current increased linearly
with the voltage in the same range of voltages where linearity was pre-
viously observed in curve 2, Curves 7 and 8 which were obtained at
higher light intensities show tendency to deviate from linearity. The
deviation occurs at lower voltages and indicates that the charge carrier
density at the surface layer may have become considerably greater than
the density of charge carriers in the bulk of the crystal. Based on the
current-voltage characteristics in the low voltage range as shown by
curves 2 - 8 and especially by 3 and 4, it is concluded that the super-
linearity of the current-voltage characteristics may be caused solely
by the non-uniformity of optical excitation of the crystal even in the
range of voltages in which the unilluminated crystal may be expected

to operate under uniform electric field conditions. In curves 2,5,

and 6, the photocurrent is linear with applied voltage in approximately
the range of voltages where the saturation of the dark current was pre-
viously observed (curve l). On the basis of the Hecht equation this
implies that the range, w = EpT, of the charge carriers had decreased

as a result of photo-excitation, a consequence which might have been
occasioned by decrease of either mobility, lifetime, or both, It seems
reasonable to attriﬁute this decrease of w to a decrease of T only,

which may arise as the result of the increasing importance of charge
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carrier recombination as a process limiting the density of free charge
carriers when the crystal is illuminated. Unlike the dark current which
increases as‘VZ in the higher voltage range, the photocurrent in curves
2,5,6,7, and 8 increased as V3/2. The V3/2

in that it is the current-voltage characteristics of this particular cell

-dependence isvintereating

under conditions of illumination which were more or less uniform through-
out the whole crystal. It must be emphasized, before going any further
in this discussion, that the curreﬂt-voitagevcharacteristics of differ-
ent sandwich cells of one compound are by no means predictable and that
V3/2-dependence at high electric field ranges is not with any great gen-
erality, a characteristic of m-terphenyl sandwich cells. In this par-

ticular case the result is rather unique in that the V3/2

-dependence
occurs above the ohmic voltage range and makes it reasonable to assume
that this effect is due either to the non-linear dependence on the elec-
tric field of the drift velocity of the charge carriers or to a voltage
dependence of the kinetiés of carrier generation.

3/2 i8 characteristic of vacu-

'The variation of the current as V
um diodes and the relation between the current and the voltage is de-
fined by the Ch1148 - Langmuir9 law

3/2

J = BV 9)

where B is a constant. Implicit in the derivation of this equation is
that the kinetic energy, 1/2 mvz, of the charge carrier is equal to the

energy, eV, that the charge carrier gains from the electric field.
Thus the velocity, v = (2eV/m)1/2 and since the space charge, Q = CV,
the current, J o V3 2. In view of the fact that in a solid the charge

carriers will have to move through a medium of high friction, a satis-

3/2

factory explanation for the V™' “-dependence of the photocurrent must

8¢. D. Child, Phys. Rev., 32, 492 (1911).

9I. Langmuir, ibid., 2, 450 (1913).
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retain the concept of a drift mobility which is independent of the
electric fields On the basis of a model where the electrons are
scattered by acoustical phonons, Shockley showed that at moderately
high electric fields, i. e. electric fields not high enough to make
scattering by optical phonons important, the drift velocity of the
electrons varied as the square root of the electric field. The
equation for the drift velocity is

1/2 (10)

Vd = UM'oE

where v is the velocity of the acoustical waves in the medium and
B is the lattice drift mobility of the charge cagféers.]i) When
it is considered that the electric field in the V region in

% to 10° V/cm and that Wy = 4.5 em?/v sec,

the microscopic drift velocities would be of the order of 105 cm/sec.

Fig. 1 ranges from 3 x 10

This is of the same order of magnitude as the velocity of sound

(~ 105 cm/sec). According to Shockley's model, charge carriers
with velocities approaching that of the acoustical waves wouid tend
to become "hot" i, e. they would tend to gain energy from the elec-
tric field faster than they can lose this energy by collision with
the acoustical phonons. It is even possible that the drift velocity
of the charge carriers may exceed 105 cm/sec in an illuminated crys-
tal because of the possibility of the formétion of é well defiﬂéd
space~charge region a few microns thick at the illuminated side of
the crystal and across which most of the applied voltage drops.11

It seems, therefore, not too unreasonable to conclude that the V3/2-
dependence noted is due to '"hot electrons'" injected into the crystal.

3/2

Thus analogous to the Child-Langmuir law, the V™' “"~dependence may be

expressed as:

3/2, .,3/2

J = Q(upoC/d y V (11)

1qW. Shockley, Bell Syst. Tech. J., 30, 990 (1951).

11A. von Hippel, E. P. Gross, J. G. Jelatis and M. Geller,

Phys. Rev., 91, 568 (1953).
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where § is the fraction of hot electrons in the injected space-
charge and the rest of the symbols are as previously defined. § is
left without an analytic definition and will serve for the present
as an adjustable parameter.

. On the other hand, the V
upper limit of a Qoltage-dependent kinetic process. It was pre-

3/Z-dependence may represent some

viously mentioned that the shortening of the lifetime of the chargeA
carriers is the probable cause of the linearity of the photocurrent
with voltage in the range of voltages where the dark current was found
to be sdblinear. The most elementary process that might be invoked is

a "bimolecular" type of recombination, the effective recombination

rate "constant”, R g being a function of the electric field:
2
[ an(v)/at JV,I = L-R .0 (12)

where L is the rate of photogeneration, n = n_ = n_ is the density of

.. +
the free holes or electrons in the illuminated layer of thickness b.

Under steady state condition

1/2
We assume a convenient form of R eff such as:
~-b/Ep T
REff = Rb(l-e o b) (14)

where Rb is'the charﬁcteristic bimolecular rate of recombination in the

illuminated layer and T is :the "life time" of the charge carriers
in this layer.

n = [ L/R (1-e"2/BoTy) 112 (15)
For electric fields such that SEuoTb <b
n = (L/R)L/2 (16)

and for high electric fields such that EuoTb 2 25b
1/2

n=[ L/Rb(b/EuoTb) ] (17)



21

Since the current, J = neuoE/d it is seen that at low voltages, J a V
and at higher voltages J o V3/2. Since the transition from an electric
field-independent to an electric field-dependent rate of recombination
depends upon b, it is seen that when b is small as in the case when the
exciting light is strongly absorbed close to the crystal surface, the
transition from the ohmic to the super-linear current-voltage character-
istics will occur at lower voltages. This provides a quaiitattve ex-
planation for the general tendency of curves 2,5,6,7, and 8 to become
super-linear at lower voltages and the observation of a strictly super-
linear characteristic of 3 and 4. To get an approximate value of T
we assume that the electric field, E -104 V. gnfl at the tramsition
from a V- to a V3/2-dependence, satisfies the condition 5 Euofb = b and
that b = 107>

making the assumption that the recombination cross-section,

cm. T, turns out to be of the order of 10 ° sec. On
crb = 10
in the illuminated region

15

cmz; the density of recombination centers, Nrb’
turns out to be of the order of 1019 cm.3. These estimated values are
rather interesting in that they imply the molecular nature of the re-
combination centers.

It is not possible presently to discriminate between the two
alternative interpretations of the super-linear character of the current-
voltage curves., Further work is necessary to ascertain the nature of
the scattering mechanisms for charge carriers and the nature of the re-

combination centers in organic molecular solids.

p-Quarterphenyl, p-Terphenyl and Anthracene: The current-voltage char-
acteristics of a 35 micron-thick crystal of p-quarterphenyl are shown
in Fig. 3. In curve 1 the dark current, J,, is.slightly super-linear.

The slope of log J, vs. log V. in the range of voltages from 10 to 120

volts is 1.2. Thege is a tendency for the dark current to increase as
V2 at higher voltages. Curve 2 shows the current-voltage relationship
wﬂ;n the crystal was illuminated with polychromatic light through the

positive electrode. The photocurrent, Jp;, increased as Vl'6 between

2 and 70 volts while in curve 3, the photocurrent when the illuminated

1.5

side was negative Jp_, increased as V within the same range of



Fig. 3.

Current-Voltage Characteristics:

P-Quarterphenyl
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voltages. Both currents increased as V2 at voltages greater than 100
volts, The transition of the dependence of Jp+ and from a Vl‘6

p-
and Vl’5 respectively to a V2-dependence is not quite sharp. However,
in the Jp+ curve transition from the V

1.6 to the Vz-dependence appears
to be at V = 100 volts, Similariy in curve 3, this occurs at approxi-
mately V = 90 volts. These voltages, which will be rgfeiféd to as the
transition voltages, probably represent, respectively, the critical
voltages for the extraction of electrons from the illuminated crystal
surface in the case of Jp+, and the injection of electrons into the
illuminated crystal surface in the case of Jp_. Thus in the case of
Jp+ a positive space charge due to trapped holes is formed in the
crystal and in the case of Jp_, a negative space charge resides in

the bulk of the crystal due to trapped electrons. The lack of any
spectacular increase of the current with voltage below the V2 region
and the relatively low space-charge-limited (SCL) current densities
indicate the presence of relatively high densities of discrete trap-
ping centers for both the holes and the electrons in the crystal,

The higher SCL current density obtained for Jp+ compared to that for
Jp- implies that the density of trapping centers for holes is less

than that for the electrons and/or the mobility of the holes is greater
than that of the electrons. If the trapping states were distributed :
more or less exponentially in energy, the current below the V2 region
would have increased according to the well known equation for a space

charge-limited~-trap-filled-1limited (SCL-TFL) current:
J = 10-13(Vp°e/d2)(enc°/C) YV (18)

Where n.o is the initial thermal equilibrium concentration of the

free carriers, where y = C/(ntdekT), where n_ is the number of traps

t
per cubic centimeter per unit range of energy, and where C is the

capacitance of the crystal.12 A current which obeyed the above

12pose, op. cit., vol. 97, p. 1538.
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relationship was obtained in p-terphenyl and is depicted in Fig. 4.

There is, however, an anomaly below 40 volts. According to Eq. (18)
the transition in the low voltage range should be from an ohmic to a
SCL-TFL current., The current-voltage curve below 40 volts is super-

linear; the current increasing as V3/2

. This anomaly may be due to
the effects of voltage which were previously discussed. However,
between 40 and 150 volts, there is no question regarding the charac-
teristics of the current, It increased as V5 and above the transi-
tion voltage, V = 150 volts, it increased as V2. The change from
thelvs-dependence to the Vz-dependence indicated that at 150 volts
the trapping centers were completely filled. SCL-~IFL currents were
also obtained by Mark and Helfrich13 using electrolyte electrodes,
In their work, the transition from SCL-TFL to SCL characteristics
were not obtained because the current saturated before the transi-
tion voltage was reached,

Current-voltage characteristics which appear to behave as
SCL-TFL currents were found in a 40 micron-thick crystal of an-
thracene and are shown in Fig. 5. In curve 1, Jd o V2'2 between

10 and 76 volts and J, o V9 above 76 voltg., In curve 2, Jp+ in-

d
1.3 between 5 and 50 volts, and as V4 at higher volt-

creases as V
ages, In curve 3 Jp_ is sublinear, increasing only as Vo'6 between
5 and 50 volts and exhibiting a "break-away" characteristic above

50 volts., The positive identification of the rapidly rising por-
tions of curves 1 and 2 was not upambiguously proved to be or not

to be due to SCL-TFL current., There is reason to believe that the
rapid increase in the current with voltage is due to the onset of
dielectric breakdown. Attempts to observe a saturation of the
current with voltage or a transition toward a V2 dependence at
higher voltages were not successful because the cells usually break-

down permanently and were consequently short-circuited, The occur-

13Mark and Helfrich, op. cit., vol. 33, p. 205.



Fig. 4.

Current-Voltage Characteristics:

p-Terphenyl
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Fige. 5.

Current-Voltage Characteristics:

Anthracene
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rence of dielectric breakdown lends credibility to the belief that

the sharp rise of the current with voltage is due to the onset of

this phenomenon. Several mechanisms have been proposed by several
authors to explain the phenomenon of dielectric breakdown but none

of these may be ruled out with any great degree of certainty on the
basis of the results presented in Fig. 5. There is, however, the
experimental result shown by curve 4 which enables us to eliminate
several possibilities. Curve 4 was obtained when the crystal was
cooled down to approximately 150°K. The cell was illuminated through
the positive electrode with polychromatic light. It is seen that

Jp+ o V2 throughout the voltage range. Since no unusual rise in the
current was observed in 4, it may be concluded that neither the break-
down mechanism due to electron multiplication as suggested by Von
Hippel14 nor the Zener15 type of dielectric breakdown were the opera-
tive processes. It is, however, possible that the breakdown is due

to joule heat as suggested by Wagner16. If this were the case the -
sharp rising portions of curves 1 and 2 may have been due to the ther-
mal ionization of impurity centers and the detrapping of charge car-
riers caused by local heating and not due to an SCL-TFL current. From
the available experimental data, the trapping state density for holes
in anthracene may be calculated. ' The conductivity glow curve shown

in Fig. 6 yielded a trap depth, Et = 0.6 ev, for the main glow peak.
Using the values: p_ = 2 cm?/V sec, N = 2.5 x 10t° cm-3, e = 2.5,
d=4x 10-3 cm, T = 150°K and the current density at V = 100 volts
from curve 4 which is, Jp+ = 8.8 x 10-9 amps./1.5 cm2, Nt turns out to

be 1018 cm-3.

14A. von Hippel, Z. Physik, 75, 145 (1932).
13¢. zener, Proc. Roy. Soc., 160A, 523 (1934).
16g. W. Wagner, Elec. Eng., 41, 1034 (1922).




Fig. 6. Conductivity Glow-Curve: Anthracene
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The current-voltage curves 2 and 3 are quite similar to the
forward and the reverse current-voltage characteristics of pn junc-
tions.17 Rectifying junctions arising from the presence of surface
states as proposed by Bardeen18 and Bardeen and Brattainl9 and from
the mismatch of the work function of electrode and the crystal as sug-
gested by Mott20 and Schottky21 are also probable causes of the super-

linear character of the current-voltage characteristics in Fig. 5.

Biphenyl and Tetraphenylbutadiene: The current-voltage character-
istics of a 30 micron-thick crystal of biphenyl are shown in Fig. 7.
The dark current (see curve 1) increases as V2 below 7 volts. At
voltages between 7 and 50 volts it increases linearly with voltage.

The current becomes extremely noisy at higher voltages. The behavior
of the photocurrent with voltage when the cell was illuminated with
polychromatic light through the positive electrode is shown by curve 2.

1/2 below 50 volts and between 50 and 180 volts

The current varies as V
the photocurrent becomes extremely noisy. The onset of noise is usually
followed by dielectric breakdown. The breakdown cuases the cells to be
short circuited. '
The V2-de§endeﬁce of Jd

dependence to ohmic characteristic at higher electric fields may be

at low voltages and the change of this

analyzed in terms of the equation derived by Mott and Gurney22 for the
dependence of current on voltage for smaller electric fields for which

the space-charge is important. The equation they derived for the

174. Shockley, Proc. I. R. E., 40, 1289 (1952).

185 Bardeen, Phys. Rev., 71, 717 (1947).

19J. Bardeen and W. H. Brattain, ibid., 75, 1208 (1949).
20y, F. Mott, Proc. Roy. Soc., 1714, 27 (1939).

21y, Schottky, Z. Physik, 118, 539 (1942).

22N. F. Mott and R. W. Gurney, "Electronic Processes in Ionic
Crystals," Clarendon Press, Oxford (1948), p. 172.




Fig. 7.

Current-Voltage Characteristics of Biphenyl
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potential drop across the crystal is:

v = 2/3 (8na/wy M2 [(a + b )32 b 32 (19)

2 2
b, = J/8muN_“e (20)
No is the density of the electrons at the surface immediately in
contact with the electrode, bb is a constant and the rest of the
symbols are as defined previously. The two equations give J in
terms of V. For small values of V, J is small and b0 << d so that

3

J = 9uv%/32nma (21)

The current increases as V2. For large voltages bo >> d whence
J = epN_V/d , . (22)

The current is ohmic. The order of magnitude of the critical field
is therefore:

Ec =V/d > eNod (23)

The last equation allows the calculation of the order of magnitude
of No from the tgi?sition vi;tagfé V =17.2 volts, in curve 1. It
turns out that N°< 5.5 x 100" cm ©. We note that the dark currents
in Fig., 7 are of the order of 10-13 amperes in the space charge re-
gion of the Jd curve, If all of the No charge carriers were free,
the value of p calculated from Eq. (22) would be of the order of
10-10 cm2 V-1 sec"1 which is a very unreasonable number! On the
other hand, if we assume a reasonable value for the mobility,

2 V-1 sec-l, the current calculated from the same equation

b ~1cm
would be of the order of a milli-ampere. It must, therefore, be
concluded that these charge carriers are mostly immobilized. It is
quite possible that they are localized in the surface states of the
crystal particularly in the immediate vicinity of the crystal-electrode
contact. If this were the case we could obtain an estimate of the den-
sity of surface states from the estimated density of surface charge

when the crystal is operated under a condition in which it may be
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reasonably assumed that the surface states are almost completely
occupied, i. e, the rate of charge carrier generation in the crystal
must be made sufficiently high to maintain the highest possible den-
sity of free charge carriers. In curve 2, which we shall discuss
later, we note that the transition voltage, V = 50 volts has increased
by nearly an order of magnitude compared to that of curve l. The
value for N° is 5 x 1013 cmz. This value, if taken as an éstimate

of the surface state density, seems to be very reasonable when com-
pared to the estimated and measured densities of surface states in
some inorganic crystals. There is presently no available data for

the density of surface states in organic crystals. In a hypotheti-
cally clean and perfect germanium or silicon surface, the surface state

density was estimated by Shockley23 to be of the order of 1014 to 1015

cm-2 while the experimentally measured surface state density in n-type

germanium is of the order of 5 x 1013 cm-2 according to Shockley and
Pearson.24

The filling up of the surface states gives rise to a space-
charge layer near the surface; a potential barrier is established at
a value such that the excess charge in the surface states is balanced
by that of the ionized impurities and the free carriers in the space-
charge layer. The potential barrier may be estimated from the dark
current curve. At the transition voltage, the free charge carrier
density, n, in the bulk must equal that at the surface., From the
ohmic region of the curve we calculate the ohmic resistance,
R = d/n ey = 10¥4 2
nf = 150 charge carriers per cm3. Using the equation n
with kT = 1/40 ev., vy is found to be 0.7 to 0.8 ev,

The externally applied voltage changes the potential drop across

V'-1 sec =~ we get

ohm/cm"2 and assuming that y ~ lcm

£ = Noe

the barrier and hence results in a change in the thickness of the barrier.

234, Shockley, Phys. Rev., 56, 317 (1939).

24y, Shockley and G. L. Pearson, ibid., 74, 232 (1948).
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If the sense of the applied voltage is in the forward direction i. e,
the barrier height is decreased, the width of the barrier, bo, in-

creases as deduced from the barrier equation:25

vy FV = (2/¢) ndebﬁ (24)

Conversely when the applied voltage is in the reverse direction, b°
decreases, The V1 2-dependence of Jp+ may be due to the photogenera-
tion and recombination taking place mainly in the space charge region:
J_ being in this sense taken as the reverse current.26

The photocurrent-voltage characteristics of a 28 micron-thick
crystal of tetraphenylbutadiene are shown in Fig, 8., The crystal was
excited with monochromatic light at 365 mu. The characteristics are
very similar to those obtained for biphenyl except that in tetraphenyl-
butadiene, the J curve varies as V2 in the range of low voltages.
In biphenyl JP+ is proportional to Vl/z. This difference probably
arises from the difference in the polarity of the surface charge in
the two compounds. This suggests the possibility that the majority
carriers in biphenyl have the opposite sign to that in tetraphenyl-

butadiene.

23, J. Dekker, "Solid State Physics," Prentice-Hall, Inc.,

Englewood Cliffs, N. J., (1961) p. 350.

26y, Shockley and W. T. Read, Phys. Rev., 87, 835 (1952).



Fig. 8.

Current-Voltage Characteristics:

Tetraphenylbutadiene
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B. Dependence of Photocurrent on Light Intensity

The results obtained from the study of the variation of the
photocurrent with light intensity may be expressed in terms of the
relationship, Jp+ a Ir, where Jp+ is the photocurrent when the illu-
minated side is positive, I is the intensity of the incident light
of wavelength A, and 0.5 < m < 1., Where polychromatic light is used,
the photocurrent is linear with light intensity. Log Jp+ was plotted

against log %I, for different compounds. The values of m were calcu-

lated. The regults are summarized in Table I. It is observed that:
(a) The photocurrent is linear with light intensity when the light

is almost completely absorbed at or very close to the surface of the
crystal. The penetration depth of the short-wavelength light used is
probably less than 10-5 cm,

(b) The photocurrent is approximately proportional to the square

root of the light intensity when the exciting light penetrates deeper
into the bulk of -the crystal. Based on 997 absorption, the extinction
coefficient and the density of the crystal, the penetration depth of
the light of longer wavelength used for excitation was estimated to be
of the order of 1 micron. |

(c) The exponent, m, tends to increase with increase of the voltage
applied across the crystal,

These observations as well as others concerning the effect on
the photocurrent~voltage characteristic of various modes of illumina-
tion may be rationalized with a fair degree of consistency. From the
super-linear Jp+ vs., V characteristic that invariably results when the
crystal is excited by a strongly absorbed monochromatic light, it may
be assumed that a potential barrier is established when the crystal is
illuminated., This potential barrier might be of the Schottky type or
of the type that might arise because of the presence of surface states
in the crystal. For the purposes of the discussion, let it be assumed
that the barrier is formed because the surface of the crystal in contact
with the SnO, electrode is charged negatively, and that adjacent to the

2
surface and extending into the bulk of the crystal there is a positive



